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Abstract 
The Cognitive Failures Questionnaire (CFQ; Broadbent, Cooper, FitzGerald, & 
Parkes, 1982) is designed to assess a person’s proneness to committing cognitive slips and 
errors in the completion of everyday tasks. Although the CFQ is a widely used instrument, its 
factor structure remains an issue of scientific debate. The present study used data of a 
representative sample (N = 1,303, 24-83 years of age) from the Maastricht Aging Study 
(MAAS) to test and compare factor solutions for the CFQ previously reported in the literature 
by means of confirmatory factor analysis of ordered-categorical variables. A three-factor 
model of the CFQ from an exploratory factor analysis was tested for increasing levels of 
measurement invariance across six age groups. Factor (co-)variances remained stable across 
the age groups, mean differences were observed for the factor “Forgetfulness”, with higher 
means for older participants, and the factor “Distractibility”, where participants older than 60 
years of age had lower means. 
Keywords: cognitive failures, measurement invariance, factor structure, ordered categorical, 
life-span 
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Factor Structure and Measurement Invariance of the 
Cognitive Failures Questionnaire Across the Adult Life-Span
Slips and errors attract attention not only in everyday life---sometimes as comical 
mistakes such as putting flour in one’s own coffee, or as more serious lapses such as turning the 
wrong way in a one-way street--- but also in psychology (Broadbent, Cooper, FitzGerald, & 
Parkes, 1982; Reason, 1988; Wallace, 2004). A number of researchers have set out to examine 
the mechanisms underlying such everyday slips and failures, which are believed to originate 
from the cognitive organization of the individual. Norman (1981) subdivided cognitively-based 
slips and failures into three categories of mistakes: errors in the formation of intentions, faulty 
activation of schemas, and false triggering, that is, interrupted processing of sequences of 
actions. In contrast, Reason (1988, 1990) attributed failures observed at the skill-based level of 
performance to inattention and overattention (cf. Hasher & Zacks, 1979). Inattention is 
considered to lead to capture slips in which subjects can not complete actions as wished, 
omissions following interruptions, reduced intentionality, perceptual confusions, and interference 
errors. Overattention is regarded to result in omissions, repetitions, and reversals.
Another prominent account of everyday slips and errors is proposed by Broadbent et al. 
(1982). A cognitive failure “… may involve perceptual failures, failures of memory, or physical 
actions which are misdirected. The common element is that there is a departure from the normal 
smooth flow of function, and events do not proceed in accordance with intention” (p.1). The 
assumption underlying cognitive failures is that various perceptual, action, and memory failures 
are influenced by a general and rather enduring factor. This factor might be described as a 
general proneness or liability to cognitive failures which should be relatively independent of 
traditional personality and intelligence measures (cf. Klumb, 2001). 
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The Cognitive Failures Questionnaire (CFQ)
To assess the frequency of everyday cognitive failures, Broadbent et al. (1982) developed 
the Cognitive Failures Questionnaire (CFQ), which comprises 25 items derived from three areas 
of slips and errors: perception slips, memory slips, and slips in motor functioning. These items 
were assembled from failure episodes which the majority of people would accept as occurring to 
them at least occasionally. Respondents are offered examples such as “Do you fail to notice 
signposts on the road?”, “Do you read something and find you haven’t been thinking about it and 
must read it again?”, “Do you bump into people?”, and are asked to report the frequency of these 
incidents in the past six months on a five point Likert-type scale. 
A number of studies have shown that cognitive failures, as measured by the CFQ, are 
related to absentmindedness (Reason & Lucas, 1984), slow performance on focused attention 
tasks (Meiran, Israeli, Levi, & Grafi, 1994), automobile accidents and work accidents (Larson & 
Merritt, 1991; Wallace & Vodanovich, 2003), dissociative experiences (Merckelbach, Muris, & 
Rassin, 1999), daytime sleepiness and boredom proneness (Wallace & Vodanovich, 2003), 
computing losses due to forgetting to save one’s data in human-computer interaction (Jones & 
Martin, 2003), and reduced cognitive inhibition (Bloem & Schmuck, 1999).  Regarding its 
psychometric properties, the CFQ has more than adequate test-retest reliability, with stability 
coefficients at approximately rtt = .80 across six to 65 weeks, indicating a high degree of stability 
of individual differences (Broadbent et al., 1982; Merckelbach, Muris, Nijman, & de Jong, 1996; 
Vom Hofe, Mainemarre, & Vannier, 1998). The same authors provided coefficient alpha 
measures for the CFQ at approximately .90 although Merckelbach et al. (1996) reported 
somewhat lower alpha values in three samples, ranging from .75 to .81, implying more than 
adequate internal consistency for research purposes. Note, however, that Nunnally (1978) 
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recommended that instruments used in applied settings have reliability of at least .80 for clinical 
and .90 for important clinical decisions. Wallace (2004) examined the convergent and 
discriminant validity of the CFQ. He examined the association between CFQ total scores and 
measures of comparable (e.g., absentmindedness) as well as opposite constructs (e.g., 
conscientiousness, and everyday memory). In a sample of 386 undergraduate students he found 
that the frequency of self-reported cognitive failures correlated positively (rs = .50 to .53) with 
similar constructs, whereas the associations with opposite constructs were negative (rs = -.13 to 
-.41). The broad acceptance and usefulness of the CFQ are also reflected by the fact that the CFQ 
has been translated into several languages, for example, Dutch (Merckelbach et al., 1996), 
German (Klumb, 1995), Hebrew (Meiran et al., 1994) and Spanish (García Martínez & Sánchez-
Cánovas, 1994). In summary, the CFQ is a commonly used questionnaire which has proved to be 
a useful instrument to identify individuals prone to cognitive failures.
Factor Structure of the CFQ
In most applied studies the sum score across all CFQ items is used as a measure of being 
prone to everyday slips and errors, based on the assumption that the CFQ captures a general 
liability of cognitive failures. In accordance with this assumption, Broadbent et al. (1982) 
conducted a number of factor analyses in different samples and concluded that a single, general 
factor of cognitive failures adequately captured the dimensional structure of the CFQ. The 
authors found that apart from the “obvious general factor” (p. 5), results were rather variable. 
Subsequently, however, several investigators re-examined the factor structure of the CFQ and 
their results seem to question the notion of only one single and general factor (Larson, Alderton, 
Neideffer, & Underhill, 1997; Pollina, Greene, Tunick, & Puckett, 1992; Wagle, Berrios, & Ho, 
1999; Wallace, 2004; Wallace, Kass, & Stanny, 2002). Details regarding these models can be 
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retrieved from Wallace (2004), where in the Appendix a tabular comparison of models is given. 
Hence, Broadbent and colleagues assumption that a general factor adequately describes the CFQ 
is contrasted by later findings which propose more than one factor. 
Almost all researchers used principal components analysis (PCA) to identify the 
dimensional structure of the CFQ which, however, represents a procedure to reduce data and 
may not be considered the best approach to identify latent factors (Floyd & Widaman, 1995). 
Matthews, Coyle, and Kraig (1990) administered the CFQ to a sample of 475 college students. 
They found two components, a general component and an additional component relating to 
memory for names, although the latter factor constituted only two items. Larson et al. (1997) 
examined the structure of the CFQ in a sample of 2,379 American Navy recruits. By their own 
assertion, two components appeared to “incorporate a hodgepodge of different types of items” 
(p. 31) and, thus, were not meaningfully interpretable. In conclusion, the authors argued for a 
general component in terms of Broadbent et al. (1982) and a “memory for names”-component. In 
a recent study with 335 participants (223 undergraduate students and 112 US Navy personnel), 
Wallace and colleagues (2002) reported a solution that emerged from a PCA followed by 
varimax rotation, which yielded four components: Memory, Distractibility, Blunders, and 
Names. In a subsequent confirmatory factor analysis (CFA) in a sample of 709 university 
students, these findings were replicated (Wallace, 2004). Pollina et al. (1992) examined the 
structure of the CFQ in a sample of 387 college students. A PCA yielded five components: 
distractibility, misdirected actions, spatial/kinaesthetic memory, interpersonal intelligence, and 
memory for names. Only three components, however, were considered reliable, of which 
distractibility alone accounted for 27% of the variance. 
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To summarize, with respect to the components underlying the CFQ, findings have been 
mixed: The structures of the presented solutions differed across authors both with respect to their 
content and complexity. Single-component to five-component solutions have been reported, but 
only few were replicable in independent samples. In fact, only the solution by Wallace et al. 
(2002) was retested and confirmed by means of CFA (Wallace, 2004). This heterogeneity in 
results may stem in part from the approach used to extract the alleged factors. By relying on 
PCA, the variance for discriminability of differences among possible factors is maximized, even 
more so, when varimax rotation is applied. Factors are forced to be independent which may not 
represent the factor structure best (Preacher & MacCallum, 2003). Hence, rather than factors 
representing dimensions of the CFQ, independent components were extracted which may have 
masked interfactor relationships and, as a consequence, may also have contributed to the 
diversity of solutions. Furthermore, investigations of the factor structure of the CFQ have been 
mainly based on young, adult populations. Consequently, it is unclear whether any of the 
previously presented solutions can be generalized---both in terms of the general structure and 
with respect to measurement properties--- to other populations. 
Cognitive Failures across the Lifespan
An underrepresented aspect in previous research on cognitive failures is whether the 
frequency of self-reported slips, errors, and lapses changes across the life-span in cognitively 
intact adults (but see Boomsma, 1998). There are, however, reasons to expect that the self-
reported frequency of some cognitive failures increases into old age. Lay impressions hold that 
older adults are more forgetful, absentminded, and clumsy than younger adults (Heckhausen, 
Dixon, & Baltes, 1989) all of which are attributes that form part of cognitive failures. More 
generally, it was found that attributes carrying negative connotations, such as being indicative of 
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memory failures or cognitive failures, are believed to be more pronounced in older persons, both 
by younger and older adults (Lineweaver & Hertzog, 1998). Consistent with these lay 
impressions, if adults are asked to judge their own cognitive or memory functioning, usually a 
negative relation between age and self-reported cognitive or memory performance emerges 
(Bolla, Lindgren, Bonaccorsy, & Bleecker, 1991; Derouesné, Lacomblez, Thibault, & LePoncin, 
1999; Hertzog, Hultsch, & Dixon, 1998). At the same time, individual differences in subjective 
assessments of one’s own cognitive or memory functioning are only weakly related to individual 
differences in one’s actual cognitive and memory performance as measured by psychological 
tests (Hertzog & Hultsch, 2000; Ponds, van Boxtel, & Jolles, 2000; Zimprich, Martin, & Kliegel, 
2003), implying that subjective judgments of cognitive functioning are only partly based on 
objective performance. An explanatory account for these findings was offered by McDonald-
Miszczak, Hertzog, and Hultsch (1995), who proposed a social-cognition framework which 
posits that implicit knowledge about a general decline of cognitive functioning in old age might 
bias judgments of older persons about their own cognitive functioning towards the general 
expectation of decline. Similarly, Cavanaugh, Feldman, and Hertzog (1998) pointed out that 
memory failures may be seen as part of a common self-theory of aging: When asked about 
personal memory beliefs, older adults are more likely to access memory-failure concepts and to 
make dispositional evaluations relative to young adults or relative to one’s own past. 
Based on these arguments, one might hypothesize that the self-reported frequency of 
cognitive failures increases with advanced age. This holds especially for failures associated with 
memory problems.  
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Aims of the Present Study
The present study had three aims. First, we set out to find an adequate factorial 
representation of the CFQ in a large, representative sample covering the whole adult life-span. 
To do so, we investigated previously reported factor solutions by means of confirmatory factor 
analysis and compared these models to a solution which derived from an exploratory factor 
analysis of the present data. Second, starting from the model based on an exploratory three-factor 
solution, we tested for different degrees of measurement invariance of the CFQ across six age 
groups in order to examine whether the CFQ is unbiased with respect to age. The third aim was 
to, after having established strict measurement invariance of the CFQ across age groups, 
investigate age differences in factor covariances, variances, and means. 
Method
Participants
The sample for this study comprised individuals from the Maastricht Aging Study 
(MAAS), a longitudinal study on the biological determinants and cognitive consequences of 
normal aging, stratified by age, sex and occupational achievement. In an early phase of MAAS, 
the sample was obtained through the registration network of family practices (RNH) supervised 
by the Department of General Practice of the University of Limburg. All participants had low 
risk for dementia; individuals with documented CNS pathology or MMSE scores below 24 were 
excluded (for a detailed description of inclusion criteria and sampling methodology refer to 
Jolles, Houx, van Boxtel, & Ponds, 1995).1 The main study of MAAS consisted of four cross-
sectional panels, A1 to A4, sharing the same methodology with respect to sample frame, subject 
inclusion, stratification criteria, and basic measurement protocol. In the first wave of the MAAS 
study the CFQ was part of the assessment in three panels, A2 to A4, summing to 1,354 
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participants. In the present study, participants ranging in age from 24 to 83 years (M = 51.2, SD 
= 16.2) who had complete data records with respect to the CFQ were included. 51 participants 
(3.8% of the total sample) were excluded from further analyses as they did not provide complete 
data records concerning the CFQ, constituting a sample size of N = 1,303 participants, 49% of 
them female. Missingness of CFQ data was unrelated to age, gender, and educational level. The 
sample was split into six age groups, which, in the remainder of this study, will be referred to as 
Group 1 (Age: 24 – 33 years, M = 27.9, SD = 2.9) the reference group, Group 2 (Age: 34-43 
years, M = 38.1, SD = 2.7), Group 3 (Age: 44-53 years, M = 47.7, SD = 2.6), Group 4 (Age: 54-
63 years, M = 57.9, SD = 2.7), Group 5 (Age: 64-73 years, M = 67.8, SD = 2.7), and Group 6 
(Age: 74-83 years, M = 76.3, SD = 2.1) (for descriptive statistics see Table 1). Across the six age 
groups, there were no differences in the proportion of female participants (χ2 = 0.88, df = 5, p 
> .97). Age groups, however, differed significantly in level of formal education (F = 35.83, df = 
5, 1297, p < .01), indicating that, on average, younger age groups were better educated. 
According to Cohen’s standards (Cohen, 1988), this effect was of medium size and explained 
12% of total variance in education. 
-------------------------------
insert Table 1 about here
-------------------------------
Measures
At first measurement occasion in 1994/1995, part of the data collection protocol of 
MAAS was the Dutch version of the Cognitive Failures Questionnaire (CFQ; Broadbent et al., 
1982), a 25 item self-report inventory tapping different aspects of cognitive failures.2 For each 
item, participants were asked to assess the frequency of a specific cognitive failure event they 
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had experienced over the last six months using a five-point Likert-type scale. The scale-points of 
the 25 items are anchored by the descriptors never (assigned the value 0) through very often 
(assigned the value 4). The internal consistency (Cronbach’s alpha) in the present sample was α 
= .89, which is comparable to earlier studies. Due to the Likert-type scale response format, the 
observed variables were treated as ordered-categorical in all subsequent analyses. Because of a 
very low answer prevalence in the fifth answer category (‘very often’) and its complete absence 
in some of the 25 items in some age groups, this category was collapsed with the fourth category 
in order to make it amenable to the analysis of measurement invariance using Mplus (Muthén & 
Muthén, 2004), resulting in possible total scores ranging between 0 and 75.3 The confirmatory 
factor analysis approach of ordered-categorical variables followed closely Millsap and Yun-
Tein’s (2004) methodology.
Statistical Analyses
In all subsequent analyses we treated the items of the CFQ as ordered categorical and 
used the mean adjusted weighted least squares estimator (WLSM) to estimate confirmatory as 
well as exploratory factor solutions. Statistical modeling proceeded considering a sequence of 
nested confirmatory factor models based on previous findings. First, the general factor model by 
Broadbent et al. (1982), the two-factor models by Larson et al. (1997) and Mathews et al. (1990), 
the four-factor model by Wallace (2004), and the five-factor model by Pollina et al. (1992) were 
estimated in the MAAS sample. In addition to the confirmatory factor analyses (CFA), an 
exploratory factor analysis (EFA) followed by oblique rotation was conducted in an exploratory 
sample (participants from the youngest group) in order to find an adequate and interpretable 
dimensional representation of the CFQ in the MAAS sample. The solution was later confirmed 
using Procrustes rotation in the remaining age groups functioning as a holdout sample. This 
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technique forces data, as much as possible, to conform to the predefined target structure 
(Browne, 1967). A three-factor exploratory solution was, subsequently, re-estimated as a 
confirmatory model after having fixed non-significant factor loadings smaller than .15 to zero. 
Note that, contrary to earlier approaches, we used EFA and not PCA to find dimensions 
underlying the CFQ. In fact, EFA is considered widely as the appropriate approach for 
identifying dimensional structures underlying psychological constructs whereas PCA may be 
seen as a data reduction procedure (see Floyd & Widaman, 1995).
The model of three correlated factors was subsequently tested for increasing levels of 
measurement invariance across six age groups (Meredith, 1993; Millsap & Yun-Tein, 2004; 
Widaman & Reise, 1997). Measurement invariance was investigated as a series of nested models 
of first order factor solutions (Martin & Zimprich, 2005; Meredith, 1993; Vandenberg, 2002; 
Zimprich, Allemand, & Hornung, 2006). The most basic level of measurement invariance is 
configural invariance, which requires that the same item must be an indicator of the same latent 
factor in each group (Horn & McArdle, 1992). Configural invariance suggests that the factors 
represent the same theoretical constructs across groups, but these constructs can not necessarily 
be compared directly across groups because of possible inequalities of measurement (Bauer, 
2005). Next, factor loadings are constrained to be equal across groups to test for weak 
invariance. If this level of invariance holds, an unambiguous comparison of the factor 
(co-)variance matrices is warranted. The next level is strong invariance, which, for ordered 
categorical variables, requires the intercepts to be zero and the latent threshold parameters to be 
equal across groups. Consequently, factor mean differences across groups are scale invariant and 
interpretable (i.e., groups have the same intervals and zero points). The last level is strict  
measurement invariance where residual variances are constrained to be equal in all age groups. 
12
Measurement invariance of the CFQ
When this level of invariance holds, all group differences on the items are entirely due to group 
differences on the common factors (Chen, Sousa, & West, 2005; Widaman & Reise, 1997). 
All analyses were conducted using Mplus, version 3.0 (Muthén & Muthén, 2004), 
applying the WLSM estimator.4 As criteria for absolute model fit, the Root Mean Square Error 
of Approximation (RMSEA) and the incremental Comparative Fit Index (CFI) are reported. 
Values of the CFI above .90 are considered to be adequate and values above .95 indicate close 
model fit, whereas for the RMSEA values less than .08 indicate adequate model fit (Browne & 
Cudeck, 1993). Moreover, goodness of fit was evaluated using a rescaled χ2-test, namely, the
2
SBχ -statistic proposed by Satorra and Bentler (1994), because data did depart from the 
multivariate normal distribution. In comparing the relative fit of nested models, 2SBχ∆  
-differences were tested for statistical significance utilizing the procedure described by Satorra 
and Bentler (2001). Note that, due to its dependency on sample size, the 2SBχ∆ -difference test 
provides rather high power for large sample sizes. We therefore complemented it by calculating 
the CFI difference. As Cheung and Rensvold (2002) have demonstrated, if ∆CFI between two 
nested confirmatory factor models is smaller or equal to .01, the null hypothesis of equal fit of 
the two models should not be rejected. One has to keep in mind, however, that the critical values 
recommended by Cheung and Rensvold are based on a simulation study using maximum 
likelihood estimation in two groups, whereas we used the WLSM estimator in an ordered 
categorical sample with six groups, hence, this criterion may not perfectly fit to our situation. 
Still, although not explicitly suited for confirmatory factor models of ordered-categorical 
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variables, we chose the ∆CFI as the main criterion due to its independence of sample size (cf. 
Marsh, Balla, & Hau, 1996). 
Results
Dimensionality of the CFQ
Confirmatory factor analyses of the ordered categorical CFQ items are reported in Table 
2. The one-factor model arrived at by Broadbent et al. (1982) had an acceptable absolute fit as 
indexed by the CFI and the RMSEA. Larson et al.’s (1997; cf. Matthews et al., 1990) two-factor 
model yielded virtually identical results as the one-factor model. Compared to the one-factor 
model, however, the two-factor model did not represent a critical improvement over Broadbent 
et al.’s solution. Given that both models were statistically not distinguishable, the more 
parsimonious unidimensional model was maintained. 5 Similar to the preceding models the four-
factor model suggested by Wallace (2004) adequately fit the data but did not outperform the 
unidimensional model or the two-factor model. Pollina et al.’s (1992) five-factor model, which 
has a noncongeneric structure because Item 14 and Item 18 each load on two factors, did not fit 
the data better than Broadbent et al.’s or any of the other models. The four and five factor 
solutions further shared the problem of strongly correlated factors. This indicated almost a 
collapsing of factors, i.e., factors that, in the present sample, were not separable. 
-------------------------------
Insert Table 2 about here
-------------------------------
To summarize, the fit of models reported previously in the literature met the 
recommended cut-off criteria for the CFI and the RMSEA for adequate model fit. At the same 
time, each model in the sequence improved slightly, but significantly, as indexed by the 2SBχ∆ -
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difference. At first glance, this might imply that a multidimensional solution seems to more 
adequately capture the structure of the CFQ. However, in terms of both absolute fit indices, CFI 
and RMSEA, and the amount of explained variance, differences in fit between models were, at 
best, marginal. Furthermore, taking into account the ∆CFI-criterion, the difference across the 
four tested models never exceeded the cut-off value of .01, indicating no critical differences in 
model fit. Factor intercorrelations in multiple factor models were large, which made it difficult to 
determine whether these factors measure meaningfully different constructs. Taking these 
findings into consideration, none of the conceptually rather different solutions clearly 
outperformed the original model by Broadbent et al. (1982) which was still the most 
parsimonious solution among the tested models. 
In order to arrive at a more consistent dimensional representation of the CFQ in an 
exploratory manner, we conducted an EFA followed by an oblique promax rotation in the 
youngest age group (exploratory sample, n = 227), with the number of factors ranging from one 
to five in the youngest age group. With respect to both absolute and relative model fit and in 
terms of interpretability of the factors, a model of three intercorrelated factors represented the 
data best (see Table 2). Next, in order to estimate within-study replicability of the three-factor 
solution, the remaining five age groups were used to re-estimate an EFA. The congruency 
coefficient for the EFA solution in the exploratory sample and the EFA solution in the holdout 
sample was .93, denoting good congruence (MacCallum et al., 1999). If the EFA in the holdout 
sample was followed by a Procrustes rotation with the target given by the three-factor model of 
the youngest group, the congruency coefficient increased to .95. Also, the three-factor solution 
showed a good model fit in the replication sample (see Table 2). We concluded that the three-
factor EFA solution adequately described the data in the complete sample.
15
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The exploratory solution was re-estimated in the complete sample using confirmatory 
factor analysis (CFA) to obtain a more parsimonious solution. For the confirmatory analyses, 
only significant factor loadings (p < .05) were maintained in the model. Hence all factor loadings 
yielded by the exploratory analysis smaller than 0.15 in absolute value were set to zero, 
represented by empty cells in Table 3. The confirmatory three-factor model evinced a good fit, as 
indexed by the CFI and the RMSEA (see Table 2). Note that this noncongeneric three-factor 
solution was nested in the solutions reviewed earlier. Compared to the one-factor model 
proposed by Broadbent et al. (1982), the confirmatory three-factor solution led to a substantively 
meaningful increment in relative model fit because the ∆CFI (.021) exceeded the critical value of 
.01. Factor 1, which was defined by high loadings of Items 1, 2, 5, 7, 17, 20, 22, and 23, may be 
interpreted as signifying “Forgetfulness,” i.e., a tendency to let go from one's mind something 
known or planned, for example, names, intentions, appointments, and words. Factor 2, which 
incorporated Items 8, 9, 10, 11, 14, 19, 21, and 25, reflected “Distractibility,” mainly in social 
situations or interactions with other people, such as being absentminded or easily disturbed in 
one’s focused attention. Factor 3, which comprised high loadings on Items 2, 3, 5, 6, 12, 18, 23 
and 24, mirrored “False Triggering,” that is, interrupted processing of sequences of cognitive and 
motor actions. In sum, the three factors explained 36% of the total variance in the sample. Factor 
1 correlated with Factor 2 (r = .74) and Factor 3 (r = .62). The correlation between Factor 2 and 
Factor 3 was slightly higher (r = .77). Due to its improved fit, we decided to examine different 
degrees of measurement invariance for the three-factor model. 
-------------------------------
Insert Table 3 about here
-------------------------------
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Measurement Invariance Across Age
The baseline model, configural invariance, requires that the same item must be an 
indicator of the same latent factor in each group hereby factor loadings can differ across groups. 
This model yielded an acceptable absolute fit (see Table 4), implying that configural invariance 
of the CFQ holds across the six age groups. Next, factor loadings were constrained to be equal 
across groups to test for weak invariance. According to the absolute fit indices, the model 
represented the data adequately, with the CFI remaining stable whilst the RMSEA improved to 
some degree. Relative model fit did not show a practically important difference to the preceding 
model because the ∆CFI did not exceed .01. In sum, one might conclude that weak invariance of 
the CFQ holds across the six age groups. In the following model, thresholds of the 25 items were 
constrained to be equal across groups to obtain strong invariance. As indexed by the CFI and the 
RMSEA, the fit of the strong invariance model adequately captured the data. The relative fit 
index, ∆CFI, did not indicate a change of substantive interest in fit compared to the weak 
invariance model. On balance, fit indices suggested that strong invariance of the CFQ holds 
across the six age groups. Next, strict measurement invariance was obtained by constraining 
residual variances to be equal across all age groups. Again the absolute model fit indicated 
adequate fit with a stable CFI and slight improvement in the RMSEA. The relative fit index did 
not denote a practical difference to the preceding model. 
In summary, we concluded that there were no important differences in the relevant 
parameters between the six age groups across the configural throughout the strictly invariant 
model (see Table 4). Considering the general guidelines by Cheung and Rensvold (2002) and the 
small fluctuation in the RMSEA, strict measurement invariance for the first order factors for the 
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CFQ can thus be assumed to hold, implying that a comparison of factor (co)-variances and factor 
means across the six age groups is unbiased.
-------------------------------
Insert Table 4 about here
-------------------------------
Age Differences in Cognitive Failures
First, age differences in factor covariances were compared across groups. To do so, the 
covariances between Forgetfulness, Distractibility, and False Triggering were constrained to be 
equal across the six age groups. Doing so did not lead to a substantively important decrement in 
absolute or relative model fit (see Table 4). This indicates that the associations between 
Forgetfulness, Distractibility, and False Triggering are similar across age groups.
Subsequently, to further investigate age invariance in measurement of cognitive failures, 
variances were held constant in each factor. Analyses again started from the strictly measurement 
invariant model. The absolute and relative fit indices did not yield a substantially worse model fit 
compared to the strict measurement invariant model (see Table 4). Consequently, Forgetfulness, 
Distractibility, and False Triggering variances were interpreted as being stable across the present 
sample. 
The next step was to constrain factor means to be equal across all age groups. We started 
again from the strict measurement invariant model: In this case, however, model fit indices 
deteriorated as a result to the constraints imposed (see Table 4). Notably, the CFI value dropped 
below .95, which, at the same time, led to a substantial increment in the ∆CFI. In fact, the critical 
value of .01 was exceeded, indicating that this model fitted the data worse compared to the strict 
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invariant model. As a result, the means in Forgetfulness, Distractibility, and False Triggering can 
not be regarded as being equal across the six age groups.
Next, the models with equal covariances and equal variances were combined to a single 
model which evinced an excellent fit and, compared to the strict measurement invariant model, 
did not lead to a substantial decrement in model fit (see Table 4). According to the ∆CFI 
criterion, this model was not distinguishable from the strict invariance model indicating that 
variances and covariances remained equal across all age groups. Note that equal variances and 
equal covariances necessarily imply equal correlations between factors across age groups. 
Finally, all covariances, variances and means were constrained to be equal. As a result, 
model fit indices deteriorated substantially suggesting that factor means need to be freely 
estimated in order to avoid misfit (see Table 4). 
To investigate factor means in the six age groups, 84% inferential confidence intervals 
(CI’s) were calculated, based on the model of strict measurement invariance and equal 
covariances and variances across age groups. Non-overlapping 84% CI’s indicate that factor 
means of independent groups are significantly different at the p < .05 level. In turn, if the 84% CI 
in one age group overlaps with the 84% CI of another group, factor means are not significantly 
different at the p < .05 level (cf. Goldstein & Healy, 1995; Tryon, 2001).  Given that equal factor 
variances can be assumed to hold across the age groups, differences in factor means can be 
readily interpreted as effect sizes in term of Cohen’s (1988) standard: 0.2 stands for a small, 0.5 
stands for a medium, and 0.8 for a large effect between the factor means of a given age group 
and the reference group, i.e., Group 1. For ease of interpretation, the factor means in the 
reference group were set to zero. Figure 1, which is split in three panels, shows factor means and 
84% CIs of the three factors Forgetfulness, Distractibility, and False Triggering across age. The 
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factor mean of Forgetfulness in Group 3, for example, is 0.394, with its 84% CI ranging from 
0.256 to 0.533, whereas the 84% CI of Group 1 ranges from -0.136 to 0.136. Because the two 
CI’s do not overlap, Group 3 differs significantly from Group 1 in Forgetfulness, implying that 
participants in Group 3 rate themselves, on average, as more forgetful than participants in the 
youngest, the reference group. 
-------------------------------
Insert Figure 1 about here
-------------------------------
In terms of statistical significance, the general picture that emerged with respect to means 
in the cognitive failures domain was: (I) Forgetfulness followed a roughly linearly increasing 
trajectory, implying that older persons rated themselves, on average, as more forgetful than 
younger adults. Group 1, the reference group, differed significantly from all other groups. Group 
2 (mean: 0.275) showed a significantly lower mean than Groups 4 through 6 (means: 0.598, 
0.629, 0.840) and Group 3 (mean: 0.394) was smaller than Group 6. Accordingly, effect sizes 
ranged from small (Group 1 versus Group 2: d = 0.275) to large (Group 1 versus Group 6: d = 
0.840). (II) Distractibility means tended to remain stable in the first four age groups, followed by 
a decrease in the two oldest groups. Groups 1, 2 (mean: 0.086), and 3 (mean: 0.100) differed 
significantly from those of Groups 5 (mean: -0.294) and 6 (-0.310). Effect sizes were small 
(Group 1 vs. Group 5: d = 0.294) to medium (Group 3 vs. Group 6: d = 0.410). (III) False 
Triggering did not show a pronounced age trend and all factor mean differences were statistically 
non-significant. Effect sizes were all in the small range, with the difference between Group 1 and 
Group 3 (d = 0.190) marking the largest effect.
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Discussion
The present study pursued three aims. The first aim was to find an adequate dimensional 
representation of the CFQ in the sample of the Maastricht Aging Study (MAAS). The second 
aim was to test this solution for different degrees of measurement invariance to eventually, as a 
third aim, compare age-effects in the factors underlying the questionnaire. 
To investigate the dimensional representation of the CFQ in the MAAS sample, 
previously presented models were analyzed by means of confirmatory factor analysis (Broadbent 
et al., 1982; Larson et al., 1997; Matthews et al., 1990; Pollina et al., 1992; Wallace, 2004). For 
all tested solutions the fit of the models indicated a good representation of the data. However, 
previously reported multifactor models were afflicted by very strong factor correlations, which 
made it almost impossible to separate different dimensions of the CFQ. Furthermore, from a 
conceptual perspective one might consider previously reported multifactor solutions as 
unbalanced, because the number of indicators per factor/component is highly variable. This 
disproportion becomes obvious when considering, for example, the Larson et al. (1997) and 
Matthews et al. (1990) solutions, which consist of two components, one comprising 23 items and 
the other two items. In balance, none of the solutions previously reported in the literature 
managed to clearly outperform the other models with respect to model fit and distinctness. 
The CFA solution we presented was derived from an EFA followed by oblique factor 
rotation in an exploratory sample which closely corresponded to the Procrustes solution from the 
replication sample. Furthermore, the CFA model showed strict measurement invariance across 
six samples of different age which serves as providing sufficient support against spurious factor 
structures (see Reise, Widaman, & Pugh, 1993). The three resulting factors were interpreted as 
representing Forgetfulness, Distractibility, and False Triggering. In view of the fact that each of 
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these three factors have emerged in previous studies (Meiran et al., 1994; Pollina et al., 1992; 
Wallace et al., 2002), they might be tentatively considered as being inherent to the CFQ. The 
oblique factor rotation and the noncongeneric structure of the three-factor solution lead to an 
attenuation of interfactor correlations up to a point where the three dimensions of the CFQ were 
distinguishable from one another. Furthermore, the noncongeneric structure of the model lead to 
a balanced solution regarding the number of items per factor. This structure also implies that not 
all individual items of the CFQ are factor-pure in the sense that they measure one underlying 
latent variable only. To illustrate, see Item 2 of the CFQ: “Do you find you forget why you went 
from one part of the house to the other?” A respondent might agree to the item because he simply 
forgot his task or because he was distracted with something else and consequently could not 
remember why he went to the other part of the house or, a stimulus may have triggered another 
intention and the respondent subsequently ended up in the cellar instead of the washing room. 
Accordingly the Item can be associated to different domains of cognitive failures. On average, 
36% of the total variance in the 25 items was explained. Although this might not seem too 
impressive, one has to take into consideration that factor analysis was conducted on the item 
level, where unsystematic influences tend to be more pronounced than in sum scores, where they 
tend to cancel out. Moreover, compared to previous analyses of the CFQ, our accepted model 
explained a relatively strong proportion of variance in the individual items. Still, however, this 
does not rule out the possibility that some systematic influences remained unaccounted for, for 
example, method effects like item wordings (Zimprich, Perren, & Hornung, 2005). Although 
Pollina et al. (1992) presented a noncongeneric solution as well, and Wallace (2004) allowed 
factors to be obliquely rotated, the combination of both, as presented here, has not been 
examined earlier.   
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In order to ensure that the CFQ behaves equivalently across different age groups, 
measurement invariance (MI) was tested in a sequence of four different hierarchical levels (cf. 
Meredith, 1993). These tests ultimately yielded strict MI to hold for the three-factor solution 
across the six age groups. Conceptually, establishing MI indicates that the meaning of perceived 
Forgetfulness, Distractibility, and False Triggering is similarly comprehended by subjects 
throughout the six age groups. The present data indicate the CFQ is free of age-related 
measurement bias. This is impressive given the large sample size, wide age range, and previous 
difficulties with identifying stable solutions. Furthermore, the good representation of the data 
justified the implementation of a noncongeneric model for the sake of a stable and well fitting 
and measurement invariant solution. This point of view is supported by Meredith and Horn 
(2001) who argued that, with regard to measurement properties, measurement invariance ought 
to be taking precedence over meta-theory (such as that of congeneric simple structure).
As strict measurement invariance across age held, group differences in the three factors 
were meaningfully and unambiguously interpretable as reflecting only quantitative shifts in 
invariant measures. First, the covariance patterns of the three cognitive failure factors were 
compared across the age groups. The results indicated that the association strength between 
Forgetfulness, Distractibility and False Triggering may tentatively be seen as remaining stable 
across the lifespan. Next, equal factor variances across groups implied that the amount of 
interindividual variability in the three factors was constant across the six age groups. Note that, 
the equality of factor or “true” variances and strict MI, that is, equality of “error” variances, in 
addition implies equal reliabilities of the manifest indicators across the six age groups (cf. 
Bollen, 1989). Due to the cross-sectional nature of the data analyzed in the present study, 
however, strong conclusions about perfect cognitive failure variance stability across the lifespan 
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are to be drawn with caution. One ramification of age-invariant factor covariances and age-
invariant factor variances is, however, that correlations among the three CFQ factors were also 
equal across the six age groups. This is a comparatively strong finding which implies that the 
structure of the three factors is scale invariant, that is, insensitive to change in scaling of the CFQ 
factors (Cudeck, 1989; Swaminathan & Algina, 1978). In a third step factor means were 
constrained to be equal across the six age groups, which lead to a relevant decrement in model 
fit. The most apparent age-effect was observed for the Forgetfulness Factor, where a roughly 
linear trajectory of means indicated increasing self-reported Forgetfulness for older participants. 
The increase in Forgetfulness across age was substantial. This finding is consistent with results 
from studies examining metamemory across the adulthood, where the relation between self-
reported memory performance and age is negative (Bolla et al., 1991; Derouesné et al., 1999; 
Hertzog et al., 1998). Also, this result provides support for the assumption of implicit theories 
about aging and cognitive decline (McDonald-Miszczak et al., 1995) and the self-theory of aging 
(Cavanaugh et al., 1998), which predict an increase in reported memory complaints for older 
persons. Distractibility followed a different pattern remaining relatively stable through age 24 to 
63 years and then decreasing thereafter. An explanation for the sudden decrease might be that 
Distractibility is interacting with environmental factors, i.e., factors not originating within a 
person as age-related, but as social or age-graded changes. Considering the sudden drop in the 
Distractibility mean, beginning in the early sixties, might suggest a linkage to a normative event, 
such as retirement from the job. Items loading on Distractibility like, “Do you leave important 
letters unanswered for days?” or “Do you find you forget appointments” might be answered by a 
retired person with “Rarely”, simply because she has more time “to do things that work had 
precluded” (Nuttman-Schwartz, 2004, p. 235) compared to a person highly involved in work life 
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or, she might answer the questions referring to their duties at work, which, after retirement, are 
not pertinent anymore. Some people might feel less distracted after retirement, because daily 
demands decrease in their number and hence the plentitude of tasks to be accomplished during 
the day diminish after retirement (Gall, Evans, & Howard, 1997; Quick & Moen, 1998). False 
Triggering appears to remain relatively stable across the life span. In addition, effect sizes were 
all marginal to small, which suggests that False Triggering taps a domain of cognitive failures 
that remains relatively stable across the lifespan. This finding is surprising because False 
Triggering may be seen as resulting from loss of activation in attentional resources (cf. Norman 
& Shallice, 1986). Lower levels of attentional resources for older persons have been documented 
in different research fields, for example, visual attention (Bedard et al., 2006), and dual task 
performance (Riby, Perfect, & Stollery, 2004). Norman (1981), however, remarked that subjects 
identify their cognitive failures only when they recognize a mismatch between their intentions 
and actions. Therefore, respondents may not regard their triggering errors as failures. 
Alternatively, the absence of an age effect in those items measuring False Triggering might also 
be due to the fact that they describe cognitive failures for which an increase across age is not 
expected by lay persons. Hence, even with implicit theories about aging being present in older 
persons, it might be that for some, possibly less frequent or less salient cognitive failures, age 
stereotypes are less clear-cut. Altogether, these findings highlight the diversity of cognitive 
failures, and importantly, they identify differential developmental trajectories of these three 
domains across the lifespan. 
In conclusion, this study provides further evidence that the CFQ assesses multiple 
dimensions of cognitive failures. By treating the CFQ items as ordered-categorical an important 
source for parameter estimate bias was minimized (DiStefano, 2002, Lubke & Muthén, 2004). 
25
Measurement invariance of the CFQ
The three factors solution proved to be strictly invariant over age groups comprising the adult 
lifespan. At the same time, strict MI with respect to age allows for extrapolations to other 
selection variables, because it almost certainly implies weak measurement invariance for all 
selection variables correlated to age, for example, health status (Lubke, Dolan, Kelderman, & 
Mellenbergh, 2003). One has to keep in mind, however, that the factor structure and the 
consecutive examination of measurement invariance based on the the Dutch version of the CFQ. 
Because the CFQ is a self-report instrument, there is the potential issue of culturally based 
understanding of cognitive failures and, thus, the results may not be generalized to other 
populations unambiguously. Whereas the three-factor model remains to be replicated across 
different samples, more work is needed to validate the three factors by relating them to similar 
constructs, for example, absentmindedness (Reason & Lucas, 1984), self-referent memory 
beliefs and memory complaints (Hertzog & Hultsch, 2000). Further, the three factors may also 
be used to examine the accuracy of self-reports in Forgetfulness, Distractibility and False 
Triggering as these three domains are probably affected differentially by social cognition and 
decline expectancies (cf. McDonald-Miszczak et al., 1995; Cavanaugh et al. 1998). If the factor 
solution presented in this paper proves to be stable, a potentially fruitful direction for future 
research is the investigation of age-related change in the three factors, as suggested by the 
Forgetfulness and Distractibility means. Note that an approach with one general factor only, as 
suggested by Broadbent et al. (1982), would have disguised age differences in cognitive failures 
because the underlying dimensions proved to be changing in opposite directions (Forgetfulness 
& Distractibility). As the three factors show, self-perception of cognitive failures is not a unitary 
system, but a composition of different dimensions changing in different rates and following 
different patterns of change over the life course. 
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Footnotes
1 A detailed description regarding the rationale, design and methods of the MAAS can be 
retrieved at the project homepage: 
http://www-np.unimaas.nl/maas/Moreinfo/MAAS_PB_intro.pdf
2 The English version of CFQ can be found at 
http://www.atkinson.yorku.ca/~psyctest/cogfail.pdf. 
3 Analyses including all 5 categories led to essentially the same results with respect to the 
analyses based on the total sample. 
4 Apart from the WLSM estimator, which represents a mean adjusted Weighted Least 
Square estimator, Mplus also offers a mean- and variance- adjusted estimator (WLSMV). The 
WLSMV estimator does not allow for difference testing, however, because the degrees of 
freedom may vary within a given model specification. Furthermore, Asparouhov (2005) has 
demonstrated that WLSM and WLSMV performed equally well in medium to moderately large 
samples and both clearly outperformed WLS. 
5 Note that, compared to the analyses reported by authors using PCA, here, 
factors were allowed to correlate.
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Table 1 
Sample Characteristics
Age Groups
1 2 3 4 5 6 Total
Age band 24-33 34-43 44-53 54-63 64-73 74-83 24-83
N 227  232 237 228 229 150 1303
Age Mean 27.98 38.05 47.74 57.95 67.82 76.31 51.21
SD 2.86 2.66 2.55 2.74 2.68 2.09 16.22
Gender % female 48.0 51.3 49.4 47.4 48.9 48.0 48.9
Educational Levela Mean 4.66 4.26 3.81 3.08 2.92 3.16 3.68
SD 1.67 1.65 1.86 1.68 1.77 1.98 1.87
Notes. aMeasured on a scale ranging from 1 = primary education to 8 = university education, 
based on the Dutch educational system. 
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Table 2 
Model Fit Indices for Single Group Models
Model No. of Factors
Average
R2
Average 
interfactor 
correlation
2
SBχ df CFI RMSEA 2SBχ∆ ∆df ∆CFI
Broadbent et 
al. 1 .30 - 2066.05* 275 .950 .071 - - -
Larson/ 
Matthews 2 .31 .77 2003.42* 274 .952 .070 46.14*. 1 .002
Wallace 4 .33 .84 1816.64* 269 .957 .066 156.12*. 5 .005
 203.97*a 6 .007 a
Pollina et al. 5 .34 .81 1747.54* 263 .959 .066 60.60*. 6 .002
257.95*a 12 .009 a
EFA 3-Factor 
Modelc
3 .34 .49 380.69* 228 .970 .054 -
.
- - 
EFA 3-Factor
Modeld
3 .38 .55 1042.76* 228 .974 .058 - - .004
CFA Three- 3 .36 .71 1293.35* 257 .971 .056 264.52*b. 6 .012b
Factor Model 549.31*a 18 .021a
Note.  aCompared to Broadbent et al.; bCompared to Pollina et al.; cExploratory sample (Group 1: 
n = 227); dReplication sample (Groups 2 through 6; n = 1076); 2SBχ = rescaled Chi-Square 
statistic; CFI = Comparative Fit Index; RMSEA = Root Mean Square Error of Approximation; 
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2
SBχ∆  = difference between two rescaled 2SBχ -statistics, calculated according to Satorra and 
Bentler (2001); ∆df = difference in degrees of freedom; ∆CFI = difference in CFI. *p< .01.
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Table 3
Factor loadings and explained variances of the CFA three-factor model for the whole sample
CFQ Item Forgetfulness Distractibility False 
Triggering
R2
1 0.422 0.359 0.33
2 0.612 -0.506 0.892 0.48
5 −0.298 0.383 0.677 0.41
6 0.234 0.576 0.36
7 0.360 0.393 0.33
13 0.265 0.537 0.35
16 0.276 0.483 0.34
17 0.518 0.502 0.46
20 1.112 −0.268 0.49
21 0.230 0.586 0.37
22 1.031 0.52
23 0.389 0.544 0.41
8 0.575 0.25
9 0.624 0.28
10 0.566 0.24
11 0.679 0.32
14 0.722 0.34
15 0.483 0.299 0.27
Table 3 cont’d
CFQ Item Forgetfulness Distractibility False 
Triggering
R2
18 0.328 0.598 0.44
19 0.798 0.39
25 0.635 0.29
24 0.656 0.30
12 0.881 0.44
3 0.829 0.41
4 0.519 0.21
Factor Correlations
Forgetfulness 1.00
Distractibility .74 1.00
False Triggering .62 .77 1.00
Note. Only significant factor loadings (p < .05) are reported. Factor loadings smaller than 0.15 
were set to zero. 
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Table 4 
Model fit Indices for Multiple-Groups Models of the three-factor model
Model 2SBχ df CFI RMSEA 2SBχ∆ ∆df ∆ CFI
Configural Invariance 3332.73* 1587 .957 .071 - - -
Weak Invariance 3530.03* 1742 .957 .068 249.62* 155 .000
Strong Invariance 3723.48* 1962 .957 .064 284.06* 220 .000
Strict Invariance 3817.92* 2087 .958 .062 182.51* 125 .001
Strict MI, covariances 
equal
4043.39* 2102 .952 .065 041.51*a 15 .006a
Strict MI, variances equal 3996.13* 2102 .954 .064   49.94*a 15 .004a
Strict MI, means equal 4252.85* 2102 .947 .069 102.34*a  15 .011a
Strict MI, covariances 
and variances equal
4119.75* 2117 .951 .066 . 81.81*a 30 .007a
Strict MI, covariances, 
variances and means 
equal
4470.83* 2132 .943 .071 157.77*a 45 .015a
Note.  acompared to the Strict Invariance Model; 2SBχ = rescaled Chi-Square statistic; CFI = 
Comparative Fit Index; RMSEA = Root Mean Square Error of Approximation; 2SBχ∆  = 
difference between two rescaled 2SBχ -statistics, calculated according to Satorra and Bentler 
(2001); ∆df = difference in degrees of freedom; ∆CFI = difference in CFI.
*p< .01
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 Figure Caption
Figure 1. Factor means with associated 84 % confidence intervals (CI’s) based on the strict 
invariant three-factor model with equal (co-)variances. Group 1 (24–33 years) is the reference 
group with the factor mean 0. The following groups range in age from 34-83 years (Group 2: 34–
43 years; Group 3: 44-53 years; Group 4: 54-63 years; Group 5: 64-73 years; Group 6: 74-83 
years). CI’s, within a panel, not overlapping with the CI of the reference group indicate 
statistically significant differences at the 5% level. The left panel represents Forgetfulness, the 
middle panel represents Distractibility, and the right panel represents False Triggering. Due to 
equal variances, the factor means can be read directly as effect sizes, following Cohen’s (1988) 
standard: 0.2 stands for a small, 0.5 stands for a medium, and 0.8 for a large effect between the 
factor means of a given age group and the reference group, i.e., Group 1. 
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Figure 1    
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